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@ A light-emitting diode having a light-generating 
layer (20) for generating an electromagnetic radiation 
by electroluminescence, a light-emitting surface (36, 
40) through which the radiation Is emitted, and a 
light-reflecting layer (16) remote from the light-emit- 
ting surface, for reflecting a portion of the radiation 
toward the light-generating layer so that the radiation 
reflected by the light-reflecting layer is also emitted 
through the light-emitting surface. The light-reflecting 
layer consists of two or more interference type re- 
flecting layers (30, 32, 34) which includes one or 
more reflecting layer each capable of most effi- 
ciently reflecting a wave whose wavelength is longer 
than the nominal wavelength of the radiation. The 
light-emitting surface may have in'egularity (42) for 
irregularly reflecting the radiation, or an anti-reflec- 
tion layer (44) formed thereon by deposition. 
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LIGHT-EMITTING DIODE HAVING LIGHT REFLECTING LAYER 



BACKGROUND OF THE INVENTION 

Reld of the Invention 

The present invention relates to Improvements 
in a light-emitting diode having a light-reflecting 
layer. 

Discussion of the Prior Art 

Light-emitting diodes (LED) are widely used for 
optical data communication, and display or indica- 
tor devices, for example. Such light-emitting diodes 
are generally a semiconductor diode consisting of 
a pn junction formed on a semiconductor substrate 
by epitaxy, such as liquid phase epitaxy (LPE). An 
example of this type of light-emitting diode is dis- 
closed in laid-open Publication No. 1-200678 of an 
unexamined Japanese Patent Application. This 
light-emitting diode has a light-generating layer for 
generating an electromagnetic radiation by elec- 
troluminescence, a light-emitting surface through 
which the radiation is emitted externally of the 
diode, and a light-reflecting layer disposed on one 
of opposite sides of the light-generating layer 
which is remote from the light-emitting surface. The 
light-reflecting layer is adapted to reflect a portion 
of the radiation generated by the light-generating 
layer, toward the light-emitting surface so that the 
radiation reflected by the light-reflecting layer is 
also emitted through the light-emitting surface, for 
improving the light emitting efficiency of the diode. 
In the light-emitting diode provided with the light- 
reflecting layer as described above, the component 
of the radiation generated by the light-generating 
layer which travels in the direction opposite to the 
direction from the light-generating layer toward the 
light-emitting surface is reflected by the light-re- 
flecting layer, back toward the light-generating lay- 
er so that the reflected component is added to the 
component which is received by the light-emitting 
surface directly from the light-generating layer. 
Thus, the light-reflecting layer improves the inten- 
sity of the light emitted from the light-emitting 
surface, i.e., the light-emitting efficiency of the 
LED. 

The light-reflecting layer incorporated in the 
known light-emitting diode is a wave interference 
type light reflector, which most efficiently reflects a 
wave whose wavelength is the same as a predeter- 
mined nominal wavelength of the reflector. Namely, 
waves whose wavelengths are more or less dif- 
ferent from the nominal wavelength are not effi- 
ciently reflected by the light-reflecting layer. Ac- 
cordingly, the conventional light-reflecting layer 
does not provide an intended increase in the light- 



emitting efficiency of the light-emitting diode. 

Further, it was found that the provision of the 
light-reflecting layer on the side of the light-gen- 
erating layer remote from the light-emitting surface 

6 to improve the light emitting efficiency as de- 
scribed above may cause periodic irregular vari- 
ations in the relative spectral intensity of the light 
emitted from the light-emitting surface, as indicated 
in Rg. 7. which prevents the practical use of the 

10 diode provided with the light-reflecting layer. 

SUMMARY OF THE INVENTION 

It is therefore a first object of the present 
75 invention to provide a light-emitting diode which 
has a light-reflecting layer and which assures a 
sufficiently high degree of light emitting efficiency. 

A second object of the invention Is to provide a 
light-emitting diode which has a light-reflecting lay- 
20 er and which emits a smooth spectrum of radiation. 
The first object may be achieved according to 
one aspect of the present invention, which provides 
a light-emitting diode comprising a light-generating 
layer for generating an electromagnetic radiation by 
25 electroluminescence, a light-emitting surface 
through which the radiation is emitted extemally of 
the diode, and a light-reflecting layer disposed on 
one of opposite sides of the light-generating layer 
which is remote from the light-emitting surface, the 
30 light-reflecting layer reflecting a portion of the radi- 
ation toward the light-generating layer so that the 
radiation reflected by the light-reflecting layer Is 
also emitted through the light-emitting surface, the 
present light-emitting diode is characterized in that 
35 the light-reflecting layer consists of a plurality of 
wave interference type reflecting layers which in- 
cludes at least one reflecting layer each of which is 
capable of most efficiently reflecting a wave whose 
wavelength is longer than a nominal wavelength of 
40 the electromagnetic radiation generated by the 
light-generating layer. 

The light-emitting diode of the present inven- 
tion constructed as described above was devel- 
oped based on findings as a result of an extensive 
45 Study by the inventors that the conventional light- 
reflecting layer cannot sufficiently efficiently reflect 
waves which are incident thereupon in directions 
which are inclined with respect to the incident 
surface, and that the light emitting efficiency of the 
50 light-emitting diode would be improved if the light- 
reflecting layer could efficiently reflect the waves 
incident in the inclined directions, as well as the 
orthogonally incident wave. 

In the present light-emitting diode constructed 
as described above, the wave or waves having a 
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longer wavelength or wavelengths than the nominal 
wavelength of the radiation generated by the light- 
generating layer can be reflected by at least one of 
the wave interference type reflecting layers dis- 
posed on one side of the tight-generating layer 
remote from the light-emitting surface, whereby the 
wave or waves obliquely incident upon the light- 
reflecting layer can be efficiently reflected toward 
the light-generating layer and light-emitting surface, 
with a result of considerably improving the overall 
light emitting efficiency of the diode. 

The second object of the invention may be 
achieved according to another aspect of the 
present invention, which provides a light-emitting 
diode comprising a light-generating layer for gen- 
erating an electromagnetic radiation by elec- 
troluminescence, a light-emitting surface through 
which the radiation is emitted externally of the 
diode, and a light-reflecting layer disposed on one 
of opposite sides of the light-generating layer 
which is remote from the light-emitting surface, the 
light-reflecting layer reflecting a portion of the radi- 
ation toward the light-generating layer so that the 
radiation reflected by the light-reflecting layer is 
also emitted through the light-emitting surface, the 
present light-emitting diode being characterized in 
that the light-emitting surface has anti-reflection 
means for preventing the electromagnetic radiation 
from being reflected from the light-emitting surface 
toward the light-reflecting layer. 

The light-emitting diode constructed as de- 
scribed above according to the second aspect of 
the invention was developed on findings as a result 
of an extensive study by the inventors on the 
known light-emitting diode, that a portion of the 
radiation which is generated by the light-generating 
layer and is incident upon the light-emitting surface 
is inevitably reflected by the light-emitting surface 
and received and reflected by the light-reflecting 
layer, and the reflected radiation is against incident 
upon the light-emitting surface and reflected toward 
the light-reflecting layer, whereby the radiation un- 
dergoes resonance between the light-emitting sur- 
face and the light-reflecting layer, which results in 
increasing the intensity of waves having certain 
wavelengths while decreasing the intensity of 
wavelengths between the wavelengths of the inten- 
sified waves, and that the light emitted from the 
light-emitting surface suffers from periodic irregular 
variations or changes in the spectral intensity, as 
indicated in Rg. 7. 

In the light-emitting diode constructed accord- 
ing to the second aspect of the invention, the anti- 
reflection means provided functions to prevent the 
radiation incident upon the light-emitting surface 
from being reflected by the light-emitting surface 
toward the light-reflecting layer, thereby avoiding 
the conventionally experienced resonance of the 



light between the light-emitting surface and the 
light-reflecting surface. Consequentty, the present 
light-emitting diode is free of periodic irregular vari- 
ations in the spectral intensity of the light mitted 

5 from the light-emitting surface, and is capable of 
emitting light having a smooth spectrum. 

The anti-reflection means may be irregularity 
consisting of minute projections and depressions 
formed on the light-emitting surface, for irregularly 

10 reflecting the radiation. Alternatively, the anti-reflec- 
tion means may be an anti-reflection layer formed 
of a titanium oxide, for example, by vapor deposi- 
tion on the light-emitting surface. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and ad- 
vantages of the present invention will be better 
understood by reading the following detailed de- 
20 scription of presently preferred embodiments of tiie 
invention, when considered in connection with the 
accompanying drawings, in which: 

Rg. 1 is a perspective view of one embodiment 

of a light-emitting diode of the present invention; 
26 Fig. 2 is an elevational view in cross section of 

the light-emitting diode of Fig. 1; 

Fig. 3 is an enlarged cross sectional view of a 

light-reflecting layer of the diode of Rg. 1 ; 

Fig. 4 is an elevational view in cross section 
30 corresponding to tiiat of Rg. 2, showing another 

embodiment of the invention; 

Fig. 5 is an enlarged view of a light-emitting 

surface of the light-emitting diode of Fig. 4; 

Fig. 6 is a graph indicating a relative spectral 
35 intensity of the light emitted by the diode of 

Rgs. 4 and 5; 

Fig. 7 is a graph indicating a relative spectral 
intensity of the light emitted by tiie known light- 
emitting diode; and 
40 Rg. 8 is a view corresponding to that of Rg. 5, 
showing a further embodiment of the invention 
alternative to the arrangement of Fig, 5. 

DETAILED DESCRIPTION OF THE PREFERRED 
45 EMBODIMENTS 

Referring to the perspective and elevational 
views of Rgs. 1 and 2, reference numeral 10 de- 
notes a planar emission type light-emitting diode 

60 having a double-heterodyne structure. The light- 
emitting diode 10 has an n-type GaAs single cry- 
stal substrate 12 . an n-type GaiM) ssAIom) 45AS 
buffer layer 14 grown on the substrate 12. a light- 
reflecting layer 16 grown on the buffer layer 14, an 

56 n-type Gao55Alo45As clad layer 18 grown on tiie 
light-reflecting layer 16, a p-type GaAs light-gen- 
erating layer 20 grown on tiie clad layer 18. a p- 
type Gao55Alo45As clad layer 22 grown on the 
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light-generating layer 20, and a p*-type GaAs con- 
tact layer 24 grown on the clad layer 22. The 
layers 14. 16. 18. 20. 22 have thicknesses on the 
order of 0.01 urn to several um. On the surface of 
the n-type semiconductor substrate 12 renr^ote from s 
the buffer layer 14. there is formed an n-type Au- 
Ge ohmic electrode 26. The contact layer 24 has a 
light-emitting surface 36 on which is formed a p- 
type Au-Zn ohmic electrode 28. 

The buffer layer 14, light-reflecting layer 16. n- io 
type clad layer 18, light-generating layer 20, p-type 
clad layer 22 and contact layer 26 are sequentially 
grown each as a single crystal on the substrate 12 
in the order of description, by metal organic chemi- 
cal vapor deposition (MOCVD), molecular beam is 
epitaxy (MBE) or vapor phase epitaxy (VPE). for 
example. 

The light-reflecting layer 16 consists of three 
wave interference type reflecting layers 30. 32, 34 
capable of reflecting waves of respective 20 
wavelength bands. The first reflecting layer 30 
most remote from the substrate 12 consists of a 
superlattice consisting of fourteen films of GaAs 
each having a thickness of 62nm, and fourteen 
films of Alo 456^0 55AS each having a thickness of 25 
68nm. The fourteen GaAs films and the fourteen 
Alo 45^80 55AS films are alternately superposed on 
each other to form the superlattice 30, which is 
adapted to be capable of most efficiently reflecting 
a wave having a wavelength of 895nm which is 30 
orthogonally incident upon the light-reflecting layer 
16. The second reflecting layer 32 on which the 
first reflecting layer 30 is grown consists of a 
superlattice consisting of seven films of GaAs each 
having a thickness of 60nm, and seven films of 35 
Alo45Gao55As each having a thickness of 65nm. 
The seven GaAs films and the seven AIq 45Gao 55AS 
films are alternately superposed on each other to 
form the superlattice 32, which is adapted to be 
capable of most efficiently reflecting a wave having 40 
a wavelength of 860nm which is orthogonally in- 
cident upon the light-reflecting layer 16. The third 
reflecting layer 34 which is grown on the buffer 
layer 14 and nearest to the substrate 12 consists of 
a superlattice consisting of twelve films of GaAs 45 
each having a thickness of 67nm, and twelve films 
of Alo 45Gao 55AS each having a thickness of 74nm. 
The twelve GaAs films and the twelve 
Alo 45^30 55A5 films are alternately superposed on 
each other to form the superlattice 34, which is so 
adapted to be capable of most efficiently reflecting 
a wave having a wavelength of 968nm which is 
orthogonally Incident upon the light-reflecting layer 
16. 

The GaAs films and the Alo 45680 55AS films of 55 
the light-reflecting layer 16 are alternately formed 
by alternately using respective material gases 
through a suitably controlled switch valve, while 



maintaining^ the substrate 12 and the buffer layer 
14 at 850 'C within a processing chamber. The 
desired thicknesses of the individual GaAs and 
Alo 45Gao 55AS films can be obtained by controlling 
the time durations for which the material gases are 
introduced into the chamber. More specifically, the 
GaAs films may be formed, for example, with flow 
rates of a TMG gas, a 10% dilution AsHa gas and a 
lOppm dilution HgSe gas set at 2.2 x 10"^ 
mole/min., 510cc/min., and 2a3cc/min., respective- 
ly. In this condition, the time of supply of the 
material gases is suitably determined to obtain the 
desired thickness of each GaAs film. On the other 
hand, the Alo45Gao55As films may be fonmed, for 
example, with flow rates of the TMG gas, a TMA 
gas, the 10% dilution AsHa gas and the lOppm 
dilution H2Se gas set at 2.2 x 10 mole /min., 7.8 
x 10 mole/min., 511cc/min., and 28.3cc/min., 
respectively. In this condition, the time of supply of 
the material gases is suitably determined to obtain 
the desired thickness of each Alo 45Gao 55AS film. 
Between the supply period of the material gases 
for the GaAs films and the supply period the ma- 
terial gases for the Alo 46Gao ssAs films, an AsHs 
gas is supplied to replace the residual atmosphere 
in the chamber for 10 seconds. 

In operation of the present light-emitting diode 
10 constructed as described above, a drive current 
is applied between the ohmic electrodes 26, 28. 
whereby a non-coherent electromagnetic radiation 
having a nominal wavelength of 880nm is gen- 
erated by the light-generatirig layer 20. A compo- 
nent of the radiation generated by the light-generat- 
ing layer 20 is incident upon the contact layer 24 
having the light-emitting surface 36, and the in- 
cident component is emitted from the light-emitting 
surface 36, externally of the diode 10. At the same 
time, a component of the generated radiation is 
directed toward the substrate 12 and is incident 
upon the light-reflecting layer 16, whereby that 
component is reflected by the light-reflecting layer 
16 toward the light-generating layer 20, transmitted 
through the layer 20 and finally emitted through the 
light-emitting surface 36. The component incident 
upon the light-reflecting layer 16 includes waves 
whose direction of propagation is inclined with re- 
spect to the plane of the light-reflecting layer 16, as 
well as a wave whose direction of propagation is 
perpendicular or orthogonal or almost perpendicu- 
lar or orthogonal to the plane of the layer 16. Since 
the light-reflecting layer 16 includes the first and 
third reflecting layers 30, 34 capable of most effi- 
ciently reflecting the waves whose wavelengths are 
longer than the nominal wavelength of 880nm of 
the radiation generated by the light-generating lay- 
er 20, the waves which are obliquely Incident upon 
the light-reflecting layer 16 can also be efficiently 
reflected by the layer 16 (by the first and third 
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reflecting layers 30. 34). Further, a wave whose 
wavelength is shorter than the nominal wavelength 
of 880nm can be reflected by the second reflecting 
layer 32. which most efficiently reflect the wave 
whose wavelength is 860nm. Accordingly, the light 
emitting efficiency of the present light-emitting di- 
ode 10 is increased by several tens of percent as 
compared with that of the conventional light-emit- 
ting diode wherein the wave interference type light- 
reflecting layer efficiently reflects only the compo- 
nent of the generated radiation which is incident 
thereupon in the direction perpendicular to its 
plane. 

Further, the present light-emitting diode 10 can 
be easily produced at a comparatively low cost, by 
sequentially or successively growing by epitaxy the 
constituent liayers (buffer layer 14. light-reflecting 
layer 16, n-type clad layer 18, light-generating lay- 
er 20, p-type clad layer 22 and contact layer 24), 
while the substrate 12 is held placed in the pro- 
cessing chamber. The epitaxial growth of the con- 
stituent layers on the substrate 12 may be suitably 
effected, for example, by h/IOCVD (metal organic 
chemical vapor deposition), MBE (molecular beam 
epitaxy) or VPE (vapor phase epitaxy). For easy, 
uniform formation of the GaAs/AIGaAs superiattices 
with accurately controlled thicknesses, the MOCVD 
process is particularly recommended. 

The GaAs/AIGaAs superiattices 30, 32. 34 of 
the light-reflecting layer 16 do not suffer from lat- 
tice mismatch with respect to the n-type GaAs 
substrate 12 and the n-type Gao55Alo45As buffer 
layer 14. 

While the third reflecting layer 34 formed on 
the buffer layer 14 and the second and first reflect- 
ing layers 32. 30 are formed on the third and 
second reflecting layers 34, 32. respectively, the 
positions of these reflecting layers 30, 32, 34 with 
respect to each other are not limited to those in the 
illustrated embodiment. 

Referring next to Figs. 4 and 5, another em- 
bodiment of the invention will be described. In the 
interest of brevity and simplification, the same ref- 
erence numerals as used in the first embodiment 
will be used in Rgs. 4 and 5 to identify the cor- 
responding components, and no redundant de- 
scription of these components will be provided. 

A light-emitting diode according to this second 
embodiment is indicated at 37 in Fig, 4. The light- 
emitting diode 37 is identical with the light-emitting 
diode 10 of the first embodiment, except for a light- 
reflecting layer 38 and a light-emitting surface 40 
provided by the p*-type GaAs contact layer 24. 
More specifically, the light-reflecting layer 38 is a 
wave interference type reflector provided by a 
superiattice consisting of ten GaAs films and ten 
Alo 45Gao 5sAs films which have thicknesses on the 
order of tens of urn and which are alternately 



superposed on each other. These films are formed 
in the same manner as described above with re- 
spect to the light-reflecting layer 16 of the first 
embodiment. The superiattice of the light-reflecting 

5 layer 38 is adapted to most efficiently reflect the 
wave whose wavelength is the same as the nomi- 
nal wavelength of 880nm of the radiation generated 
by the light-generating layer 20. 

The contact layer 24 provides a light-emitting 

70 layer 40 from which the radiation generated by the 
light-generating layer 20 is emitted extemally of the 
diode 37. As shown in enlargement in Fig, 5, the 
light-emitting surface 40 has irregularity consisting 
of minute projections and depressions as indicated 

75 at 42. The irregularity 42 functions to irregularly 
reflect the incident radiation, thereby preventing the 
radiation from being reflected from the light-emit- 
ting surface 40 toward the. light-reflecting layer 38. 
The irregularity 42 may be formed by immersing 

20 the contact layer 42 (light-emitting surface 40) in an 
etching solution, for five minutes at the ambient 
temperature, for example. The etching solution 
may consist of 3 parts by volume of H3PO4, 1 part 
by volume of H2O2 and 21 parts by volume of 

25 H2O. 

As in the first embodiment, a portion of the 
radiation generated by the light-generating layer 20 
is directly incident upon the contact layer 24, while 
a portion of the generated radiation is reflected by 

30 the light-reflecting layer 38 and is incident upon the 
contact layer 24 through the light-generating layer 
20. The generated radiation is thus emitted through 
the light-emitting surface 40. In the known light- 
emitting diode, a component of the radiation in- 

35 cident upon the light-emitting surface tends to be 
reflected by the light-emitting surface toward the 
light-reflecting layer. In the present light-emitting 
diode 37, however, the minute projections and de- 
pressions of the irregularity 42 formed on the light- 

40 emitting surface 40 function to prevent or minimize 
the amount of the radiation which is reflected by 
the light-emitting surface 40 toward the light-reflect- 
ing layer 38, thereby avoiding or minimizing the 
optical resonance light between the light-emitting 

45 surface 40 and the light-reflecting layer 38. Accord- 
ingly, the present light-emitting diode 37 is capable 
of emitting a radiation having a smooth spectrum, 
wherein the intensity of the emitted light is the 
highest at the wavelength of 880nm, nominal 

50 wavelength of the radiation generated by the light- 
generating layer 20. Namely, the relative spectral 
intensity of the emitted light smoothly or gradually 
decreases as the wavelength decreases and in- 
creases from the nominal wavelength of 880nm. 

65 This is compared with a spectrum of Fig. 7 of the 
light emitted from the known diode in which the 
light-emitting surface does not have irregularity as 
provided in the pres nt diode 37, 
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Referring to Fig. 8. there will be described a 
further embodiment of the present invention, which 
is alternative to the embodiment of Fig. 5 in which 
the Irregularity 42 Is provided on the light-emitting 
surface 40. 

In this modified light-emitting diode Indicated at 
43 In Fig. 8. an anti-reflection layer 44 is formed on 
the light-emitting surface 40 provided by the con- 
tact layer 24. This anti-reflection layer 44, which is 
substituted for the irregularity 42 in the preceding 
embodiment, is a wave Interference type reflector. 
This reflector may be formed, for example, by 
vapor deposition or anodization {anodic oxidation) 
within a vacuum processing chamber, using a pel- 
let of titanium dioxide (Ti02: titania), silicon dioxide 
(Si02 silica) or SiaN*. The anti-reflection layer 44 
may have a thickness of about 110nm. Like the 
irregularity 42, this anti-reflection layer 44 is also 
effective to prevent or minimize the amount of the 
light reflected from the iight-emltting layer 40 to- 
ward the light-reflecting layer 38. thereby avoiding 
the optical resonance between the light-emitting 
surface 40 and the light-reflecting layer 38, and 
assuring a smooth spectrum of the externally emit- 
ted light as indicated in the graph of Fig. 6. 

While the present invention has been de- 
scribed in the presently preferred embodiments 
with a certain degree of particularity, for illustrative 
purpose only, it Is to be understood that the inven- 
tion is not limited to the details of the illustrated 
embodiments, and may be embodied with various 
changes, modifications and Improvements. 

For instance, the light-reflecting layer 38 used 
in the diodes 37, 43 of the second and third em- 
bodiments of Figs. 4, 5 and 8 may be replaced by 
a light-reflecting layer which consists of two or 
more superlattices, such as the light-reflecting lay- 
er 16 in the first embodiment. 

While the illustrated light-emitting diodes 10. 
37, 43 have a GaAs/AsGaAs double-heterodyne 
structure, other compound semiconductors such as 
GaP. InP and InGaAsP may be utilized to constitute 
a double-heterodyne structure. Further, the diode 
may have a single-heterodyne or homodyne struc- 
ture. 

The Itght-reflecting layer 16. 38 used in the 
illustrated embodiments use a GaAs/AIGaAs super- 
lattice or superlattices, the light-reflecting layer 
may be formed of other semiconductor materials, 
which are selected with the refractive index taken 
into consideration. For instance, the light-reflecting 
layer may be a superlattice or superlattices of 
GaAs/AIAs. Gai.xAlxAs/Gai.yAlyAs or GaAIAs/AIAs, 

In the Illustrated embodiments, the light-gen- 
erating layer 20 and the light-reflecting layer 16. 38 
are formed parallel to each other. However, the 
light-generating and light-reflecting layers need not 
be parallel to each other. Further, the light-generat- 



ing layer may have a smaller surface area than the 
other layers. 

It is to be understood that the present invention 
may be embodied with various other changes. 
5 modifications and improvements, which may occur 
to those skilled in the art, without departing from 
the spirit and scope of the invention defined in the 
following claims. 

A light-emitting diode having a light-generating lay- 
70 er (20) for generating an electromagnetic radiation 
by electroluminescence, a light-emitting surface 
(36, 40) through which the radiation is emitted, and 
a light-reflecting layer (16) remote from the light- 
emitting surface, for reflecting a portion of the 
75 radiation toward the light-generating layer so that 
the radiation reflected by the light-reflecting layer is 
also emitted through the light-emitting surface. The 
light-reflecting layer consists of two or more inter- 
ference type reflecting layers (30, 32. 34) which 
20 includes one or more reflecting layer each capable 
of most efficiently reflecting a wave whosie 
wavelength is longer than the nominal wavelength 
of the radiation. The light-emitting surface may 
have irregularity (42) for irregularly reflecting the 
,25 radiation, or an anti-reflection layer (44) formed 
thereon by deposition. 

Claims 

30 

1 . A light-emitting diode comprising a light-generat- 
ing layer for generating an electromagnetic radi- 
ation by electroluminescence, a light-emitting sur- 
face through which said radiation is emitted exter- 

35 nally of the diode, and a light-reflecting layer dis- 
posed on one of opposite sides of said light-gen- 
erating layer which is remote from said light-emit- 
ting surface, said light-reflecting layer reflecting a 
portion of said radiation toward said light-generat- 

40 ing layer so that the radiation reflected by said 
tight-reflecting layer is also emitted through said 
light-emitting surface, characterized in that: 
said light-reflecting layer (16) consists of a plurality 
of wave interference type reflecting layers (30, 32, 

46 34) which includes at least one reflecting layer (30, 
34) each capable of most efficiently reflecting a 
wave whose wavelength is longer than a nominal 
wavelength of said electromagnetic radiation gen- 
erated by said light-generating layer. 

50 2. A light-emitting diode according to claim 1, 
wherein each of said plurality of wave interference 
type reflecting layers (30. 32, 34) consists of a 
superlattice consisting of a plurality of compound 
semiconductor films which are superposed on each 

55 other and each of which .has a thickness on the 
order of tens of nanometers. 
3. A light-emitting diode according to claim 2, 
wherein said superlattice (30, 32, 34) consists of a 
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GaAs-AIGaAs superlattice. 

4. A light-emitting diode according to any one of 
claims 1-3, wherein said light-generating layer (20) 
generates an electromagnetic radiation having a 
nominal wavelength of 880nm, said at least one 
reflecting layer (30. 34) Including a layer (30) ca- 
pable of most efficiently reflecting a wave having a 
nominal wavelength of 895nm. 

5. A light-emitting diode according to any one of 
claims 1-3, wherein said light-generating layer (20) 
generates an electromagnetic radiation having a 
nominal wavelength of BSOnm, said at least one 
reflecting layer (30. 34) including a layer (34) ca- 
pable of most efficiently reflecting a wave having a 
nominal wavelength of 968nm. 

6. A light-emitting diode according to any one of 
claims 1-5, wherein said plurality of wave interfer- 
ence type reflecting layers (30. 32, 34) consist of a 
first reflecting layer (30) capable of most efficiently 
reflecting a wave whose wavelength is longer than 
said nominal wavelength of said electromagnetic 
radiation, a second reflecting layer (32) capable of 
most efficiently reflecting a wave whose 
wavelength is shorter than said nominal wavelength 
of said electromagnetic radiation, and a third re- 
flecting layer (34) capable of most efficiently re- 
flecting a wave whose wavelength is longer than 
said wavelength of the wave reflected by said first 
reflecting layer. 

7. A light-emitting diode according to claim 6, 
wherein said light-generating layer (20) generates 
an electromagnetic radiation having a nominal 
wavelength of 880nm, said first, second and third 
reflecting layer (30) being capable of most effi- 
ciently reflecting having nominal wavelengths of 
895nm. 860nm and 968nm, respectively. 

8. A light-emitting diode according to claim 7, 
wherein said first reflecting layer (30) consists of a 
superlattice consisting of fourteen GaAs films each 
having a thickness of 62nm, and fourteen 
Alo 45Gao 55AS films each having a thickness of 
68nm. said fourteen GaAs films and said fourteen 
Alo4sGao55As films being alternately superposed 
on each other, said second reflecting layer (32) 
consisting of a superlattice consisting of seven 
GaAs films each having a thickness of 60nm, and 
seven Alo 45680 55AS films each having a thickness 
of 65nm. said seven GaAs films and said seven 
Aio45Gao55As films being alternately superposed 
on each other, said third reflecting layer (34) con- 
sisting of a superlattice consisting of twelve GaAs 
films each having a thickness of 67nm, and twelv 
Alo^sGaossAs films each having a thickness of 
74nm, said twelve GaAs films and said twelve 
AIo45Gao55As films being alternately superposed 
on each other. 

9. A light-emitting diode according to claim 3, fur- 
ther comprising an n-type GaAs single crystal sub- 



strate (12), an n-type Gai^) 55AI0M) 45AS buffer layer 
(14) which is grown on said substrate and on which 
said GaAs-AIGaAs superlattice of said light-reflect- 
ing layer (16) is grown, an n-type GaossAIoasAs 

5 clad layer (18) which is grown on said GaAs- 
AIGaAs superlattice and on which said light-gen- 
erating layer (20) is grown, a p type Gao ggAlo 45AS 
clad layer (22) grown on said light-generating layer, 
and a p*-type GaAs contact layer (24) which is 

70 grown on said p-type Gao55Alo45As layer and 
which has said light-emitting surface (36), said 
light-generating layer being a p-type GaAs layer. 

10. A light-emitting diode according to any one of 
claims 1-9, wherein said light-emitting surface (40) 

15 has anti-reflection means (42, 44) for preventing 
said electromagnetic radiation from being reflected 
from said light-emitting surface (40) toward said 
light-reflecting layer (16). 

11. A light-emitting diode according to claim 10, 
20 wherein said anti-reflection means consists of an 

irregularity (42) consisting of minute projections 
and depressions formed on said light-emitting sur- 
face (40), said minute irregularity irregularly reflect- 
ing said electromagnetic radiation reflected toward 
25 said light-reflecting layer. 

12. A light-emitting diode according to claim 11, 
wherein said irregularity (42) is formed by etching 
said light-emitting surface (40). 

13. A light-emitting diode according to claim 10, 
30 wherein said anti-reflection means consists of an 

anti-reflection layer (44) formed by vapor deposi- 
tion of titanium oxide on said light-emitting surface 
(40). 

14. A light-emitting diode comprising a light-gen- 
35 erating layer for generating an electromagnetic ra- 
diation by electroluminescence, a light-emitting sur- 
face through which said radiation is emitted exter- 
nally of the diode, and a light-reflecting layer dis- 
posed on one of opposite sides of said light-gen- 

40 erating layer which is remote from said light-emit- 
ting surface, said light-reflecting layer reflecting a 
portion of said radiation toward said light-generat- 
ing layer so that the radiation reflected by said 
light-reflecting layer is also emitted through said 

45 light-emitting surface, characterized in that: 

said light-emitting layer (40) has anti-reflection 
means (42, 44) for preventing said electromagnetic 
radiation from being reflected from said light-emit- 
ting surface (40) toward said light-reflecting layer 

50 (16). 

15. A light-emitting diode according to claim 14. 
wherein said anti-reflection means consists of an 
irregularity (42) consisting of minute projections 
and depressions formed on said light-emitting sur- 

55 face (40), said irregularity irregularly reflecting said 
electromagnetic radiation reflected toward said 
light-reflecting layer. 

16. A light-emitting diode according to claim 15, 
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wherein said irregularity (42) is formed by etcfiing 
said light-emitting surface (40). 

17. A light-emitting diode according to claim 14, 
wherein said anti-reflection means consists of an 
anti-reflection layer (44) formed by vapor deposi- 6 
tion of titanium oxide on said light-emitting layer 
(40). 

18. A light-emitting diode according to any one of 
claims 14-17, wherein said light-reflecting layer (38) 
consists of a superlattice consisting of a plurality of io 
compound semiconductor films which are super- 
posed on each other and each of which has a 
thickness on the order of tens of nanometers. 

19. A light-emitting diode according to claim 18, 
wherein said superlattice consists of a GaAs-AI- is 
GaAs superlattice. 

20. A light-emitting diode according to any one of 
claims 14-19, wherein said light-generating layer 
(20) generates an electromagnetic radiation having 

a nominal wavelength of 880nm, said light-reflect- 20 
ing layer (16) being capable of most efficiently 
reflecting a wave having a nominal wavelength of 
880nm. 

21. A light-emitting diode according to any one of 
claims 14-20, further comprising an n-type GaAs 25 
single crystal substrate (12), an n-type 
Gai^o ssAloM) 45AS buffer layer (14) which is grown 

on said substrate and on which said light-reflecting 
layer (16) is grown, an n-type Gao55Alo45As clad 
layer (18) which is grown on said light-reflecting 30 
layer and on which said light-generating layer (20) 
is grown, a p-type Gao55Alo45As clad layer (22) 
grown on said light-generating layer, and a p*-type 
GaAs contact layer (24) which is grown on said p- 
type Gao 55AI0 45AS layer and which has said light- as 
emitting surface (36). 
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